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George P. Smith and Sir Gregory P. 
Winter
Nobel Prize in Chemistry: phage 
display of peptides and antibodies
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Definition
 A recombinant technology.
 Expression proteins and peptides on the surface of living cell.
 Can be applied to almost all types of biological entities.
 Enable us to produce modified cells with desired properties.
 Is useful for developing different whole-cell factories. 
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can redesign cell surfaces with functional proteins and peptides 
to endow cells some unique features.
Foreign peptides or proteins             immobilized on cell 
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Diagnostic and
therapeutic agents 
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• are present in most natural 
display systems.
• are important components. 
• Their role is unclear.
Image obtained from https://doi.org/10.1016/j.algal.2015.09.013
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as the matrix to bind fusion 
proteins
Cell surface display system contains three 
factors
Host carrier passenger
Outer membrane protein 
and helper to transport the 
passenger to the cell surface
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Gene fusion strategy
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Definition
 a carrier protein acts as an anchoring motif.
 a passenger protein acts as a target protein.
 The choice of anchoring motif is particularly important.
 an incorrect motif destabilize cell envelope integrity    
growth defects
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Anchoring motifs





Hard to find a suitable
Proteomic analysis
different capacities
successful recombinant protein 




Activity display of 
target proteins 
Anchoring motifs
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Principle
 Redesign cell surfaces                  endow cells some unique features. 
 genotype–phenotype linkage              gene diversity into protein diversity.
 This linkage              fusing the protein of interest into a cell surface protein.
 involves the process of membrane transportation                  the protein secretion.
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Identification of the 
target protein on the 
host cell.
step1
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Image obtained from https://aem.asm.org/content/77/19/6794
20
Translocation protein across the 
host cell membranes from the 
cytoplasm to the cell surface
step2





Scaffolds are used to display 
the heterologous protein.step3
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Scaffolds 
 Binding is often facilitated by scaffolds.
 specifically selected for binding virtually any target.
 The choice of scaffold depends on the nature of the target protein used
 Three groups               
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α-helices
an irregular architecture of α-helices 
and β-sheets 
β-sheets
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step4 Displaying target protein
24
Image obtained from : researchgate.net/figure/Yeast-
surface-display-of-EETI-knottins-and-isolation-of-
properly-folded-EETI_fig2_26789817
The sample is passed through FACS
Information on the binding of the 
protein can be obtained
step5
Binding of the heterologous 
= 
more fluorescence emission 
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25 Restrictions and Privileges
Freely accessible and 
stable for the binder bound 
with the target
Easily analyzable by 
FACS , MACS , panning
Quantitative in flow 
cytometry
Simple in operation by 
low-speed centrifugations
size limitations
able to eliminate the 
random bias when small 
proteins or peptides are 
displayed
protein misfolding
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❖ Cell-free 
&Invitro
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Bacterial display
 Genetic engineering technique for in vitro protein evolution.
 the fusion of (POI) to a bacterial surface protein            display the POI.
 ompA and LamB                   the first bacterial surface protein.
 Is coupled with                        FACS
MACS
28
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Principle of bacteria display
30
The Gram-negative bacterium 
Escherichia coli is the most 
frequently used host in view of 
its mature genetic manipulation 
system and high yields of 
biomass.
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Gram (–) bacteria 
Gram (+) bacteria 
 proteins are presented                 through a single membrane layer.
 avoiding negative influences on the structure and activity of protein during 
the traverse through the periplasmic space and the integration on the outer 
membrane.
 However, low transformation efficiency will hinder the construction of the 
peptide library with large capacity.
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Image obtained from :cmr.asm.org/content/27/3/631/F6
Gram-positive bacteria have thicker 
and tougher outer cell wall than 
Gram-negative bacteria.
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Yeast display technology 
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a eukaryotic system
Saccharomyces cerevisiae             express and display dozens of complex 
proteins which could offer:
Yeast display
1.easy handling procedure
2.stable activity of expressed enzymes
3.feasibility to construct large protein libraries.
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the target proteins were expressed in a fusion form with cell wall proteins, 
which were secreted out of the cell and then interact with the cell wall via 
a covalent or non-covalent linkage . 
C-terminal
S. cerevisiae carrier protein                                    its binding to cell wall.
N-terminal
Yeast display
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Principle of yeast display 
Image obtained from ;Creative-Biolabs/yeast-display-technology-creative-biolabs-
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2020
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Phage display technology
Phage display
 One of the most effective molecular diversity techniques is phage display.
 bases on a direct linkage between phage phenotype-genotype.
 Leads to presentation of molecule libraries on the phage surface.
 is utilized                studying protein ligand interactions
receptor binding sites
in improving or modifying the affinity
of proteins for their binding partners  
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protein molecule mutual recognition
influence on         the development of new vaccines 
tumor treatments 
Most antibodies and peptides              at phage proteins p III and p VIII.
p VIII is used to enhance detection signal when phage displayed 
antibody associates with antigen. 
p III is the most appropriate for antibody display
Phage display
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Phages for surface display
phage display systems mainly use 
filamentous T4 , T7 and λ phage.
M13 filamentous phage is the most 
commonly used.
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Principle of phage display 
Image obtained from :en.wikipedia.org/wiki/Phage_display
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Image obtained from :link.springer.com/article/10.1007/s00216-019-01714-4/figures/1
Number of reports using phage display
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Ribosome display technology
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47 Ribosome display technology 
(RDT)
➢ cell-free system 
➢ overcomes many limitations of cell-based methods by producing
in vitro protein–mRNA complexes.
➢ create proteins that can bind to a desired ligand
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Principle of ribosome display 
Image obtained from :riken.jp/nano-med.eng.lab/research_eng.html
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mRNA display technology 
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➢ is a robust in vitro selection technique
➢ Allows the selection of peptides and proteins with desired functions
➢ relies upon a covalent linkage between a protein and its encoding mRNA
molecule
➢ the power of the technique stems                 the stability of this link
the large degree of control over 
experimental conditions
mRNA display technology 
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https://mrnadisplay.usc.edu/
Principle of mRNA display 
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2014
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Cons 
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need to longer 
times for growth
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mRNA is the least bulky display platform. 
Display methods compared by size
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Image obtained from :DOI: 10.1021/acssynbio.9b00419
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74 Some important and practical applications
little girl's miracle cure by phage therapy
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she had multiple fractures and wound on her leg that wouldn't heal
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• within just a few months after phage therapy, she was able to walk.
• it's really a race against time before the pathogen wins against the patient's 
immune system
Discussion






Using the QCM Biosensor-Based T7 Phage Display Combined 





Biosensor-based High Throughput Bio panning and 
Bioinformatics Analysis Strategy for the Global Validation of 
Drug-protein Interactions
Junwei Gai et 
al. 
2021




Engineered viruses can fight the rise of antibiotic-resistant 
bacteria
Discussion
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Researchers Article
Chan Yang et al.
2021
Drug Repurposing of Itraconazole and Estradiol Benzoate 





Phages from Ganges River curtail in vitro biofilms and 
planktonic growth of drug resistant Klebsiella pneumoniae 




Phage Display Technology as a Powerful Platform for 
Antibody   
Drug Discovery






display systems have been widely 
applied in medical and 
environmental
However there are size limitation 
of passenger and low efficiency 
of display
the application of this technology 
is mainly in the laboratory 
research stage
Nassim Valivand  M.Sc. Student of Medical Biotechnology
80
Thanks for your kind attention 
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